Modulation of bovine articular chondrocyte gene expression in vitro by oxygen tension.
Adult articular cartilage is a physiologically hypoxic tissue with a proposed gradient of oxygen tension ranging from <10% oxygen at the cartilage surface to <1% in the deepest layers. This gradient may be disturbed during diseases of the joint, for example in rheumatoid arthritis when synovial fluid pO(2)falls. We investigated whether changes in oxygen tension modulate gene expression in articular chondrocytes. Bovine articular chondrocytes were cultured in alginate beads in medium maintained at <0.1, 5, 10 or 20% oxygen. A modified RNA arbitrarily primed polymerase chain reaction (RAP-PCR) technique was used to identify several genes whose mRNA abundance in articular chondrocytes was dependent upon oxygen tension. Northern hybridization slot blots were used to quantify changes in mRNA level relative to a housekeeping gene, beta-actin. Genes found by RAP-PCR to undergo up-regulation in hypoxia included TIMP-1 and integrin-linked kinase. Collagen V mRNA levels were down-regulated in hypoxic chondrocytes. This led us to examine mRNA levels for various cytokines, matrix structural molecules and beta1 integrin. Interleukin 1beta, transforming growth factor beta and connective tissue growth factor were all up-regulated by low oxygen tensions, as was beta1 integrin. Collagen II (COL2A1) was down-regulated by hypoxia but aggrecan mRNA levels remained unchanged. The mRNA levels for GAPDH, the archetypal hypoxia responsive gene, were not modulated in articular chondrocytes by changes in oxygen tension. Oxygen tension modulates the abundance of mRNAs encoding structural molecules, several cytokines, beta1 integrin and integrin-linked kinase in articular chondrocytes. This may be important during disease progression. Chondrocytes are unusual in their response to hypoxia, presumably because they exist physiologically in a low oxygen environment.